The material in this presentation is made
up of things from previously cleared
reports (possible with minor reformatting)
and some new slides, none of which talk
about new technology items.

The previously-cleared reports are:

CL 99-0064: “Extending the Computer
Revolution Into Space”

CL 98-1591: “DSST Public Web Pages”

The X2000 Program

Les Deutsch

—fedmolcv/ Jeveb,mawf-
v ldatron

Manager, Deep Space Systems Technology (DSST) Program (X2000)

Visit the DSST web site at http://www.dsst.jpl.nasa.gov

December 9, 1998
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The Internal DSST Web Page

No technology

* Available to registered T
users in the nasa.gov A T
domain e -

* Go to the DSST Home
Page at
http://dsst.jpl.nasa.gov/

¢ Click on the big logo
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Introduction to X2000 D

 Missions were large and expensive
e A new deep space mission "start" occurred only every few years
« Mission budgets were large enough to do substantial technology development

« Technology used on one mission would be obsolete by the next mission

. LJD-3
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=] The Future
—
 The number of deep space missions is increasing as we 100
embark on a new era of exploration g
« New missions are "faster-better-cheaper” and cannot 90
L3 . L L L3 S "
afford large individual investments in technology 'E&"WW o
. Ll . C
« A new process is needed to allow these missions to take i TeTASR e 80 3
advantage of the technological breakthroughs that are i oo g Rosena =
ege . L3 - . " = 70 :.
critical to getting the cost down while increasing the T <
H Russian Solar Probe isc:\z aveom
science U;E%?;E;Zg; 88-4 CherpoIIion 60 Q.
e The key is multimission technology development o 3
. R . . . R Pluto Express 2 :'l"""’ Surv Lander ©
e NASA will make institutional investments in _,,LSWO,mg;:fdus' sl
. o . Mars Surveyor Orb.
technology to benefit sets of missions ot Gramets §
Radioastron $gCassini
 Continuous investment will e B s ——1 40 &
provide a series of revolutions e Vonss Probe aliss g0 =
- : ¥ Magellan
in technology to address T gvager 2_groronee Venus Oriter 30 g
common challenges in s oSPoneer o
mission design and Sueper’s! gl Marnar® 20
N Surveyor2 M Ear'\‘,';%g?s
execu*'on Ranger 9 RSurveyor 1
Mariner 4 r?gaenrg?re 10
* This is X2000 LR
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= Lots of Projects
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Multimission Technolo

Multimission technology programs setve common needs of mission set
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No technology

* We already have successful multimission fechnology efforts in some areas
— The Deep Space Network
— The Advanced Multimission Operations System (AMMOS)
 These programs work because
— There is a big market for these capabilities among flight projects
— There is a lot of commonality in the application of these technologies
— There is a great deal of customer (project) involvement in their development
~ The technology development in these areas is insfitutionally-funded
— New capabilities are created on a schedule on which flight projec'is can rely

LJD-7
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"L X2000 ConceEi

Time >
Technology E.g., NASA Cross-Enterprise, SOMO, DoD, Industry, Universities

CL 99-0064

sources

Tech
planniy
fusion, an

developmen

Deliveries,
managed like flight
projects, with concrete
commetcialized

deliverables

~X2000 Program

~ Flight validation
 (if required)

E.g, New Millennium or
science flight demo.

Customers

12/09/98
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What This Means for Processes

* Technology development at JPL is typically managed according to the Develop
Needed Technology (DNT) processes

« DSST Deliveries are managed using the Develop New Products (DNP) processes
— DSST Deliveries are also pilots for several aspects of DNP process development

Customers Partners Benefactors

Align and Integrate

Generate

Develop Develop
Needed New Scientific
Technology Products Knowledge

I

Guide and Govern Acquire, Nurture, and

| Stakeholders '

-PL Process Map

LJD-9
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~ Spacecraft Mass

(1000 kg

Cassini

Mars
Pathfinder Lewis

Pluto/Kuiper
Express

“Microspacecraft”

Present ‘ Future

X2000's Bottom Line:

Dramatic technology
breakthroughs

Enable low-cost missions

Qcience-driven architecture

Progressive spacecraft
mlnlafumzahon

LJD-10
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_IPL Avionics Miniaturization
—

e X2000 fosters an evolution of flight avionics to
enable smaller, less expensive, and more capable
spacecraft

e This is a cornerstone of the X2000
program

v |

' Conventional powsr | SePA L

conversion, control, X and Ka
and pyro electronics Band Downlink

-

" Power .
- Activated: =
L Buiiching - o
F Module -
o L

~“Conventional
/HCD/RSDL slect. |/

Computer,
with local -
‘memory

X2000 First Delivery ~ Future Delivery Far Term

Some assemblies on a chip Assemblies on a chip Subsystems "Q@pacecraft
on a chip on a chip”
R T AR5 5 TR O 5 il

P B 5 B R A o S B T s
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Technology Portfolio

No technology

X2000 is actively funding and developing technologies identified in a recent National
Research Council report entitled, “Space Technology for the Next Century”, National
Academy Press, Waghington, D.C. 1998 |

8pecifically, the report calls for:

*  Wide-band, High Date Rate Communications Over Planetary Distances

¥ X2000 is Supporting
* Precisely-Controlled Space Structures

* Micro-electro-Mechanical Systems (MEMS) For Space

¥ X2000 is Supporting
* Gpace Nuclear Power Systems

¥ X2000 is Supporting
* Low-Cost, Radiation-Resistant Memories and Electronics

¥ X2000 is Supporting
* Extraction and Utilization of Extraterrestrial Resources

tJD-12
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Space Science Flight
Projects

Gary Parker

Deep Space Systems
Technology Program
(X2000)

Les Deutsch

X2000 First Advanced
Delivery Radioisotope
Power Source
(ARPS)
Dave Woerner Jack Mondt

Center for
Integrated
Space
Microsystems

Leon Alkalai

Mission Data’
System (MDS)

Al Sacks

Chris salvo |

Future
Deliveries

« As X2000 spawns Deliveries, they become projects and are managed in like other

SESPD projects

« Other program elements have commitments to deliveries as well as longer-term

technology development

e The CISM element shown is programmatic, it is not the JPL Center of Excellence

LJD-13
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JPL X2000 First Deliver

An integrated and qualified flight and ground system architecture, design, hardware,
and software — specifically: |

— General — Mechanical
* Integrated avionics structure

¢ Qcalable, modular, long life
* Thermal design

¢ Radiation hardened designs, parts,

& materials — Flight and Ground software (MDS)
¢ Sensot/Instrument input and output * Operating systems
— Avionics e Generic auto-nav, 3-axis atitude
control

 Computer, local memory, mass memory
* Power & pyro switching
* Power system control

* Generic flight/ground autonomy
« Generic flight/ground science data

e ) processing ;
itude control sensors e Generic ground command/telemetry |
* Packaging built info integrated avionics processing & display |
truct
struc ‘f"e . — Advanced Radioisotope Power System
— Communications (ARPS)
« Spacecraft transponding modem (STM) - Hydrazine micro-thruster and variable

with X and Ka-band capabilities

propellant regulator

SIS s S ARSI A

LJD-14
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_lpL Avionics Buuldmg Blocks - 10 Slices to Mix and Match

Sllce Fundamen{als ] SFC - System Flight Computer

EMI Fabricafed af JPL . * PCI based; 128 Mbytes DRAM Command and
abricated a | Z-axis * Baseline 100 MIPs
o=~ A _-| 248 pins each Data Hal'sl(:llng
PCldevice | I - 7 ¢ . ices
gy e . p I. “

L ¥ 1L IZO ::Ier‘ji:zdrgc £7| SI0 - System Input/Output <— ComF'I')%I;;.,
~ - I bus, fest poirts * PCI/1394/12C Bridge: Tz/ATLO I/F Slices
| On-Slice PCU 18l £ é. | . » Power Saving Frequency Control

o 2 o 8

4 x4x

0.5 in? I NVM - Non Volatile Memory

~¥ * 1 Gbit/slice (128 Mbyte/slice) Flash Memory

Y used for: serial buses, powér input,
- test signals, system point fo point

Power Subsystem Electronics Slices

BCS - Battery /] PCA - Power
Charge Slice /1 | Converter Assembly

| Charge/discharge * Primary to secondary
battery control power conversion

* Cross strapped 2C * 2 power corverters on 1 slice
bus * 10W or 30W versions

* Used fo power 1394 & I°C
buses

* Magnitoresistive RAM for security against radiation
» Can turn off individual NVM slices to save power

MCS - Microcontroller Slice

* Smart interface between system buses & Power,
ACS, STM & Science Instrument interfacing

* Internal PCU fanned out to "local system”

. 128 kB PROM:; 512 kB SRAM; 32 kB nonvolatile

f] SFG - SRU Frame Grabber

i e 4 Mb RAM min (16 MB target)

* PCl interface to MCS and serial
interface to SRU

PCS - Pdwer Control
%% Slice

* Primary s/c power
bus regulation L |l

* Shunt regulator ASIC |, ||

* Cross strapped PC
bus

4| PSS - Power Switch Slice

| Bwitch power loads, valves &
pyros

* 12 switches/slice

* Cross strapped PC bus

* Qoftware bypass safety inhibits for
ground testing

181 - IMU/SSA Interface

* §8A sensor conditioning
* serial interface IMU
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,.—_IPL Qystem Construction
Qlice Stacks 7 , s a CDH Stack
shown represent « 3 computers
one possible Ist « Global NVM
delivery * Test & launch
configuration vehicle access

1. Design embedded network bus using slice CAD models f
2. Allow for test and traditional connector access
3. Populate with slices

4. Test!

5. Continue with System Integration

ACS Interface Stack
 / Block redundant
=f «Each half interfaces to one of 3
g attitude determination sensors
mja mio Q.

_ PSS(PDE) N

PSE Stack
« Twin Microcontrollers (MCS) plus
cross strapped 12C subsystem bus
*Glice compliment based on EMI

LJD-16
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_lpL Customers for X2000 First Deliver
— é- i

. 51

Pluto/Kuiper
Express

~ Mars Sample

Return LJD-17
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_'pL Radiation-hard Deliver

« X2000 First Delivery will deliver radiation-hard capabilities

e Designs and components will also be useful for commercial endeavors

e Design can handily survive in LEO, GEO, and deep space, and enables MEO missions
« Design will also handle SEUs and will be immune fo parficle-induced latch-up

5
_—
2
S
x 4 —
S Europa
8’ ~ Orbiter
€ 3 ~ (x2000) |
Q
v
o
m]
c 2
9
[
8
® 1 Tl\:leo
~Telecom - p—
« ~ Sats
x . Intelsat ’
0 Iridium e
Current Missions Planned Missions

T e LJD-18
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X2000 First Delivery Benefits

X2000 First Delivery provides many benefits
to the nation and U.S. Space Program:

Lower recurring cost for components will enable execution of the next generation of low-
cost missions while preserving reliability and boosting radiation hardness well beyond
Galileo and Cassini

A flight and ground software system architecture will produce the first fully integrated
Mission Data System

Designs and components will be produced that will be useful for commercial endeavors
and spin-offs — and can survive radiation in LEO, GEO, and deep space, and enable long-
life MEO missions

The Advanced Radioisotope Power System will dramatically lower the amount of Pu238
required to fly deep space missions

Low power and low mass systems

LJD-19
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First Delivery Benefits

Tangible benefits:

Proven equipment and designs
Rad-hard designs

Low recurring cost

Low power consumption

Low mass

Long-life equipment

Flight system to PC connectivity
Centralized, on-line documentation of
designs

Reduces Pu238 for power system
Integrated Mission Data System

New propulsion technology for smaller
lighter spacecraft

New communications technology for
smaller lighter, lower power spacecraft

Integrated electronics and structure

Further benefits:

Risk reduction

Mission enabling

Upgradability

End-to-end services and maintenance

Faster National Environmental
Protection Agency (NEPA) and Launch
Approval for missions using ARPS

Improved potential for commercial
spin-offs and endeavors

Shorter mission development times for
follow-on missions

Enhances U.8. spacecraft and
component developers technology base

Develops major space technology
program for the next century

LJD-20
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Advanced Radioisotope Power System (ARPS)

« X2000 is developing, in partnership with DoE, an advanced, highly efficient
radioisotope power system that dramatically reduces the use of radioactive material
for U.8. space missions — will be part of X2000 First Delivery

CASSINI RTGs:

< 102cm ——p
0 i o — 0 S ——
==
.@?:{{!.!.!!l\!l ...............

Power = 855 watts
A Mass = 168 kg

el N\ 0o | PUO, Mass = 32.4 kg |
u?38 Mass =

™,

w—
Q
<(2000/ARPS 3
<

Future:

b,
LOCKNERD nnnruvz%

Pu238 Mass = 2.2 kg |

OP/SP ARPS:

Power =150 watts
Mass = 16 kg

PuO, Mass = 3.0 kg

LJD-21
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Advantages to the ARPS

No technology |

* Does not change the design of existing Plutonium fuel “bricks"

— Avoids cost of developing new Plutonium containment system and passing
certification
¢ Increased conversion efficiency could mean easier launch approval for some missions

« Potential for very small, low power applications using single bricks

LJD-22
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Center for Integrated Space Microsystems (CISM)

1st Delivery Electronics Avionics System-on-a-Chip Revolutionary Computing
* Power electronics * Begin design and fabrication of * Reconfigurable computing
* Telecom processing minimum avionics system-on-a- + Ultra-low-power electronics
« 3D multichip module standard chip. * Quantum computing

e Integrated architecture * Telecom, power management, + MEMS-Optics, etc.

CPU, memory, and sensors.

LJD-23
12/09/98




CL 99-0064

Deep Space Systems Technology Program
Introduction to X2000

CISM: System on a Chip (SOAC)

DSST

X2000 First Delivery:

~10,000cc, ~60 kg, ~150W

Micromachined front end for
miniatutized RF comm system
IRxIK APS |

i

Fomer & bas

| ﬁi}\gm‘ws A

Active Pixel Sensors for
low-power optical comm.
& advanced star trackers

v _._// Material
W Conductor

Thin film microtransformers &
passive components for
miniaturized power
management and distribution

mini guidance & nav

Ultra-low-power
architecture & devices

Processor in memory:
Multiple CPU/chip with DRAM,
SRAM NVRAM, BIST, faulf Tolerance

SOAC:
<100cc, <1kg, ~ 30 -50W

High bandwidth, low

power, optoelectronic

Micromechanical inertial  1,ormoelectric thin film Thin film batteries switch ft?r high speed
reference system for coolers for advanced  for on-chip power optical bus
LJD-24
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__lpL CISM: SHsiem-on-a—ChiE SSOAC! Vision

e Definition:

— Highly capable, autonomous avionics
system which includes CPU, mass
memory, power management and
distribution, telecomm, and sensors; all
integrated into a single monolithic unit.

* Benefits:
— Volume/Mass reduction

~ Improved performance and reliability

CL 99-0064

RF Comm Power Bus

— Power reduction
* Applications:
— 8pacecraft
— Micro Spacecraft
— 8cience Craft
— Micro Probe
— Micro and Nano Rovers

— Aerobots

LJD-25
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. introduction to X2000
‘IPL First Generation In’reﬁra’red ChiE
 Work performed in collaboration with the e 4.6
University of Illinois, Chicago 400 MHz
« The first generation integrated chip was e vy > N transcelver

5V to 5V
regulator

selected for DARPA run at MIT Lincoln Lab. | .0

e Designed entire chip in < 7 weeks contrel

(generated own libraries) 8-bit ALU P> -

e Implemented a variety of designs with

)

[ sy

ROM
& clock

varying degrees of functionality to ensure 50 MHz, P 256 byte
we understand the process and are able to | 7"
assess limitations for future developments 1.9-micron bulk CMOS fechnology

e Designed "test chip" with variety of test Area: 80% digital, 20% analog

structures — important to understand
Gilicon-On-Insulator (801) CMOS process
and capability

e This effort helped to highlight challenges of
existing design tools and provide valuable
lessons learned

e Chips will be ready for testing in January

LJD-26
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—‘IPL RF Front End

 Work performed in collaboration with the
University of Michigan

Completed simulations of two types of
switches:

— A compliant switch for low activation
voltage and high power handling
capability

— A switch pair for high isolation

Fabricated a high isolation switch prototype

Developed new fabrication process for
filters

SiGe 3-stage amplifier

Designed the high power multifinger SiGe
HBT

RF switch

LJD-27
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CISM: Revolutionary Computing Technologies

STM ! Atomic Practical
rograph Layers  devices

Quantum . | ‘ Macroscopic
Compuﬁng P tica currents and radiation
mputi
Co puting e Systems

on a chip

"Mission - inspiring" Nano-technology
Modeling
Breakthrough Revolutionary g
Computing Technologies & eana bt e

Architectures I 7o 1
soe:
Expandable
replaced
. " St g A enipmt
Biological Computing _ﬁ,:;%é.*; Y e e : | pown
B o ey — 470 i 5
el (B R | Lem T e
-ﬁ:‘:’ﬂ“'“ - ‘-
b il . - o
Bl Evolvable Hardware - :
T e »
Reconfigurable Computing

DNA Computing
LJD-28
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CISM University Partners

%
UMASS.
U. Massachusetts

Stanford m
CIS G S
0 O A%
N Y SRS
é | : v é,\go

0@

Quantum Dots,
MEMS Gyro, Sensor

éeeorgia&m@mmn{b@
ofTechnolke@y
Georgia IT
(NSF)

o ¢ B

e University of University o
Caltech University of New Mexico Arkansas LJD-29
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—JpL Mission Data Sasfem SMDQE

 The MDS is the glue that holds all the components of X2000 together
— Includes all flight and ground software required to provide delivered functionality
— Embodies the end-to-end system architecture

« Effort is led by JPL's Telecommunications & Mission Operations Directorate (TMOD)
— TMOD provides operations services to missions

— MDS will integrate traditional mission specific software with multimission aspects
including the Deep Space Network (DSN)

« MDS effort has a continuous evolution as will as capabilities in individual deliveries

« MDS will define the way all future JPL missions are operated

S/C Mission ! Mission services
Files or Services % 4 | layer
Packets : : : .
- 8/C Comm
Photons . System |

Space-Ground Communications Lihk N

| Data services
| layer

d

R S

4 LID-30

Groun
e e L] 12/09/98
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__'pl_ MDS State-Based Architecture

CL 99-0064

» "Qtate" is the central concept to the MDS
* Gpacecraft and ground states are managed rather than individual low-level controls

LJD-31
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Introduction to X2000 DSl
_lpL MDS Goal-Oriented Automation

/Processes

(HIW Proxies

LJD-32
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_IpL X2000 Future Deliveries Vision
—

CL 98-1591

« On 4-8 year centers, revolutionize the remofe sensing, full spacecraft capability.
e In between these deliveries, enable new systems for new exploration approaches and

provide a path for progress fowards the next revolution.

sharpening capabilities (orbiters, flybys, probe carriers, landers, ...),

broadening the exploration toolset (penetrators, aerobots, subsurface systems, ...)

LJD-33
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JPL Future Deliveries: Develop Technology for Missions in the Code S Strategic Plan

CL 99-0064

Need advanced capabilities Mars/Venus Aerobot Broad Benefit to: Discovery, Mars,

in many diverse systems: SMEX, Commercial, DoD, ...7

Orbiters, landers, probes, _—
rovers, penetrators, aerobots, g

aircraft, sub-surface, | IVO

submarine, ...?

,. &Y
Small Body In-Situ Exploration
and Sample Return

lo Volecanic Obse

8aturn Ring Observer

Europa Lander LiD-34
12/09/98
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JPL X2000 - Trend in Future Delivery Metrics
— -

CL 99-0064

| Astronaut shown
| for approximate
size comparison.

Mass
=] Power

[]Performance

Ist Delivery nd y
. e g e e T . LJD-35
... while maintaining low recurring cost > 12/09/98
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— S — '

« Worked with NASA community to select technology foci for Second Delivery
— NAGA Office of Space Science (Code 8) — primary sponsor for program
— NAGA Offices of Earth Science (Code Y) and Space Flight (Code M)
~ Goddard Space Flight Center
— JPL Future Mission Programs
— JPL Technology Programs

e Decision was made jointly by NASA and JPL according to these selection criteria:
— Contains portfolio of advanced technology (“wow factor”)
— Contributes fo a large set of future missions
— Cost profile fits within available budget
— Development provides continuity to Third Delivery

« Second Delivery will focus on enabling microspacecraft in the 10-50 kg range. Particular
technology foci will include:

- Integrated avionics

— Optical communications
— Communication relays
— Mini propulsion

LJD-36
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_Ipl_ Qome Possible Second DeliverH Beneficiaries

Mars Micro-Mission
Carriers or
Qcience Platforms

Aerobots, rovers, and
other small platforms

.....

: s, Daughter spacecraft
Interstellar Precursor or other separable payloads

(Solar Sail Demos)

Gossamer spacecraft; §
Networks of large lightweight structures
| tiny spacecraft with distributed functions Ji

in small nodes.

= Integrated Avionics

= Mini Propulsion
. LJD-37
12/09/98
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0Old Versus New - The Benefits of X2000

*5 Traditional (Independent) Missions | X2000 an

d 5+ Customer Missions

5+ independent technology
development efforts

i%xS

One central technology development with
innovative system engmeerlng fits many
-missions .~ ;

5+ sets of acquisition costs

One set of acqursrtron costs

Relationship with industry -
fresh start with every project

I Contracty

L mvestment and better understandmg

Long term partnermg relatronshrps foster

EZ" : Early commitments required to
develop each Spacecraft

Launch - 1 year

“Continuous™ productlon over 5+ missions
allows later commitments/more flexibility

r ; " " :
o gg:: T

Kem moa N

Unique up-front work by JPL and industry

team; Industry team takes over for
subsequent production (tech transfer)

shin alte e ola o 5+ Development teams to train

l_ 5+ Sets of processes and tools

p—

X2000 Team supports all misSions

Single tool set serves all

29999 Each Project starts over with risk | ¢)

~Much of spacecraft risk shouldered once by

_X2000

Each project will be risk averse
toward innovative science

Low risk spacecraft allows missions to be

more mnovatlve (take more rlsk) with science

Easter




